Although the Tumor necrosis factor gene superfamily seems to be very conserved in vertebrates, phylogeny, tissue expression, genomic and gene organization, protein domains and polymorphism analyses showed that a strong change has happened mostly in invertebrates in which protochordates were a constraint during the immune-molecules history and evolution.
Introduction
The study of genes and genomes evolution allows us to understand the role of different evolutionary forces, including natural selection. The structure and composition of a gene are inherited from the organism's ancestors, so it may be that various driving forces cause the change of structural and functional aspects of a gene, allowing adaptation to the environment.
Genetic variability is a potential mechanism for evolutionary change and adaptation as it can give a selective advantage to organisms in various environmental conditions. It is considered a driver of recognition capability of self from non-self, the basic condition for the evolution of metazoans.
The Tumor Necrosis Factor Superfamily (TNFS) is involved in many cellular signaling pathways such as inflammation, apoptosis, lymphocyte homeostasis and tissue development (Bodmer et al., 2002; Ware, 2003) . The TNFSF ligands are type II membrane proteins with an intracellular N-terminus and an extracellular C-terminus. The majority of these ligands are bound to membrane and several of these ligands encode proteolytic cleavage sites able to generate soluble forms holding biological activity (Locksley et al., 2001) . The TNF homology domain (THD) is located in the C terminus and is weakly conserved (20e30%) between ligand members. The signature THD is composed of 10 b-strands, which ultimately fold to form a compact "jellyroll" topology. Three monomers join to form a stable conical trimeric protein, which is then able to initiate signaling through its respective receptor(s) (Bodmer et al., 2002) . TNF is produced mainly from macrophages but also from other cell types including lymphoid cells, mast cells, endothelial cells and neurons (Galli et al., 2011) .
The C. intestinalis inflammatory response to several irritants appears to be composed of a complex reactions set. The cellular reactions in the tunic involve hemocyte infiltration, hemocyte and epidermis activities, vacuolization and cell disruption, while cell products can contribute to form capsule components and/or cause a tunic wound (Parrinello et al., 2015) . In this response the involvement of the pharynx, as the main immune-competent organ, has been disclosed by a lipopolysaccharide (LPS) challenge that upregulates innate immunity genes and transcription activation genes.
In Ciona intestinalis, a Tumor Necrosis Factor-alpha (TNFa)-like gene challenged with bacterial lipopolysaccharide (LPS) was cloned and sequenced (Parrinello et al., 2008) .
A larger cell-bound cytokine form in the hemocytes and a smaller one in the serum hemolymph suggest roles in both local and systemic responses. After LPS inoculation, in situ hybridization with CiTNFa riboprobe and immunohistochemistry with a specific antibody showed an increased number of positive amebocytes with large granules, contained in the pharynx vessels, in the connective tissue lining the tunic and vessel epithelium, as well as in circulating hyaline amebocytes and granulocytes. TNFa is also expressed during the swimming larval phase of development (Parrinello et al., 2010) . CiTNFa-like protein appears to be a type II transmembrane protein with an extracellular C-terminal domain that may be glycosylated and released as a soluble cytokine upon proteolytic processing (Bodmer et al., 2002) . The recombinant protein of Ciona Savignyi TNF homolog showed potential cytotoxic activity against L929 cells confirming a potential role in morphogenesis, inflammation and immunity of ascidians TNFs.
Denaturing gradient gel electrophoresis (DGGE) is an electrophoresis separation method based on differences in melting properties of double stranded DNA fragments (Fisher and Lerman, 1979) . It is one of the most efficient and widely applied methods for detection of nucleotide differences through an increasing denaturant gradient of urea formamide (Abrams and Stanton, 1992; Lerman and Beldjord, 1998) . DGGE has been applied to different biological purposes from genetic mutations (Sheffield et al., 1989) to bacterial diversity (Muyzer et al., 1993; Van der Gucht and Vandekerckhove, 2005) and genetic polymorphism (Ge et al., 1999; Cantet et al., 2012) . Sensitivity of DGGE allows one single base substitution to be detected by adding a 40 base-pair G þ C rich sequence (called GC clamp) to the forward specific PCR primer used in amplification (Sheffield et al., 1989) .
Here, we further characterized CiTNFa of Ciona intestinalis from the phylogeny standpoint, tissues expression and 3D structure. We also applied DGGE technology to demonstrate the diversity of CiTNFa mRNAs segregating in 30 ascidian specimens. Cloning and sequencing of multiple PCR-generated TNF-1 and TNF-2 fragments established the relationships between patterns and nucleotide sequences, point mutations and deduced propeptide sequences. We also performed several tests for neutrality suggesting negative selection pressure on signal and mature peptide domains, but possible positive selection pressure on the COOH-terminus domain.
Materials and methods

Tunicates
Ascidians were collected from Licata, Sicily (Italy) maintained in aerated sea water at 15 C and fed every second day with a marine invertebrate diet (Coraliquid, Sera Heinsberg, Germany). The ascidian tunic surface was cleaned and sterilized with ethyl alcohol. A suitable amount (200 mg/ascidian) of pharynx, ovary, intestine and stomach tissues was excised and immediately soaked in RNAlater tissue collection (Ambion, Austin, TX), and stored at À80 C. Although the systematic of this species has been reexamined and the Mediterranean species defined as Ciona robusta (Brunetti et al., 2015) , we used Ciona intestinalis until definitive clarification of the Mediterranean species had been established.
Bionformatic analysis
Gene structure was checked on the Ensembl genome browser, and domain conservation was predicted by SMART software (http://smart.embl-heidelberg.de/). Similarity searches were performed using the BLAST algorithm (www.ncbi.nlm.nih.gov/blast/). Sequences were subjected to multiple alignments using CLC workbench 6.4. Phylogenetic analyses were conducted using a maximum likelihood (ML) analysis with default parameters and using MEGA6 for Neighbor Joining method (NJ) after 1000 bootstrap iterations.
The accession numbers are as follows: DQ070246.1 (Dicentrarchus labrax TNF-a), AJ413189. Protein structural models were developed with SWISS-MODEL and Swiss-PdbViewer (Guex and Peitsch, 1997; Arnold et al., 2006; Schwede et al., 2003) by using human TNF superfamily ligand TL1A 2re9.1.B as a template. The cis-regulatory elements were identified using the web REGRNA tool.
Total RNA extraction and cDNA synthesis
Total RNA was isolated from the respective ovary, intestine and stomach tissues of four ascidians and from the pharynx tissues of 30 ascidians by using an RNAqueousTM-Midi Kit purification system (Ambion) and reverse-transcribed by the Cloned AMV FirstStrand cDNA Synthesis Kit (Invitrogen).
Real-time PCR
Tissue expression of the CiTNFa gene was examined by real-time PCR analysis with the Sybr-Green method (Applied Biosystems 7500 real-time PCR system). Tissue expression was performed in a 25-ml PCR containing 2 ml cDNA converted from 250 ng total RNA, 300 nM CiTNFa forward (5-GCCTCCCATAGACCGTTGTTAA-3 0 ) and CiTNFa reverse (5 0 -CGGGA CACCTTCAGCACAT-3 0 ) primers, 300 nM actin forward (5 0 -TGATGTTGCCGCACTCGTA-3 0 ) and actin reverse (5 0 -TCGACAATGGATCCGGT-3 0 ) primers, and 12.5 ml Power SybrGreen PCR Master Mix (Applied Biosystems). The 50 cycles of the two-step PCR program consisted of initial polymerase activation for 3 min at 95 C followed by a denaturing step at 95 C for 15 s, and then annealing/extension was carried out at 60 C for 45 s when the fluorescent signal was detected. Each set of samples was run three times, and each plate contained quadruplicate cDNA samples and negative controls. The specificity of amplification was tested by real-time PCR melting analysis. To obtain sample quantification the 2ÀDDCt method was used, and the relative changes in gene expression were analyzed as described in the Applied Biosystems Use Bulletin N.2 (P/N 4303859). The amount of CiTNFa transcript from the various tissues was normalized to actin in order to compensate for variations in input RNA amounts. Relative CiTNFa expression was determined by dividing the normalized value of the target gene in each tissue by the normalized value obtained from the untreated tissue.
Denaturing gradient gel electrophoresis (DGGE)
CiTNF sequence was divided in two parts: a 630 bp fragment (TNF-1) and a 540 bp fragment (TNF-2). The amplification was performed using GC clamp forward primers 5 0 -CGCCC GCCGC GCCCC GCGCC CGGCC CGCCG CCCCC GCCCG-3'. Two TNF fragments were amplified using primers showed in Table 1 . PCR was performed by AmpliTaq Gold DNA Polymerase (Applied Biosystems). Amplification comprised 2 min of initial denaturation at 95 C, followed by 30 cycles consisting of 95 C for 30 s, 60 C for 1 min, 72 C for 1 min, and a final extension at 72 C for 7 min. Expected size of amplicons was checked by 1% agarose gel electrophoresis. Polymorphism of amplicons was then analyzed by DGGE on a Vertical Electrophoresis DCODE system (Bio-Rad) with 6% (w/v) polyacrylamide gels and denaturizing gradient from 20% to 80%. The 100% denaturizing solution was composed of 7M urea and 40% formamide (v/v). Samples were prepared by adding 7 ml of 6X loading dye solution (Fermentas; 0.03% bromophenol blue, 0.03% xylen cyanol, 60% glycerol, 60 mM EDTA in 10 mM TriseHCl pH 7.6) to 7 ml of PCR amplicon. DGGE was performed in Tris-acetate-EDTA buffer (TAE: 40 mM Tris-base, pH 7.4 with HCl, 20 mM glacial acetic acid, 1 mM EDTA) at 60 C for 16 h at 80 V constant voltage. Gels were stained for about 30 min in the dark with 3 ml concentrated 10,000 Â SybrGold (Molecular Probes) diluted in 30 ml TAE, and washed for 15 min in TAE. They were photographed using the UV Imager Gel Doc XR (BioRad) using the SYBR filter. Band patterns were analyzed on the basis of densitometry calculated for each lane through AlphaView gel acquisition software (Alpha Innotech).
The DGGE gel obtained indicated that each pattern produced a single dominant band that appeared at a different position in the gel, indicating the potential of the primers to resolve different patterns. Some patterns revealed additional bands, but the intensities of these bands were always much lower than the intensity of the dominant band. We sequenced the bands obtained with the primer set that accounted for the higher value of total band intensity.
The common pattern among the different samples was defined as "profile".
Finally, PCR products were cloned into the pCRIIvector (TAcloning Kit, Invitrogen) and sequenced. Suitable amounts of lyophilized samples were analyzed by BMR Genomics (Padua, Italy) to determine nucleotide sequences.
Analysis of cDNA and deduced amino acid sequences
The nucleotide sequences obtained were translated into propeptides (http://www.expasy.ch/tools/dna.html) and resulting amino acid sequences were compared using Multalin (http:// multalin.toulouse.inra.fr). Site-by-site frequency spectrum-based statistical assays were used to test the hypothesis of polymorphisms within loci being neutral: Tajima's D (Tajima, 1989) , Fu and Li's D and Fu and Li's F (Fu and Li, 1993) , available at http:// www.ub.es/dnasp/.
Results
Gene organization and phylogenesis of the TNF
TNF mRNAs from invertebrates and vertebrates were used to construct a phylogenetic tree to revise the evolutionary dynamic of the TNF gene. The TNF phylogenetic tree showed three main clusters: the first two included the chordata that may be further classified into sub-clusters of fish and vertebrates, and the third included the protochordate. A more variable cluster included the invertebrate group with an unusual, but uncertain form of TNF from C. savignyi that is currently in the draft data bank but not verified by cloning or mRNA presence. Finally, an additional cluster seems to have been formed by two longer sequences of A. japonica and A. davidianus. Results showed that the TNF gene effected very big changes in invertebrates including protochordates, but resulted conservative in vertebrates (Fig. 1) .
CiTNFa genomic and domain organization and comparison with Human, D. rerio TNFa and D. melanogaster EigerA genes were performed ( Fig. 2A and B) . CiTNFa and D. melanogaster EigerA genes contained 7 exons and 6 introns and the longer cds, Human and D. rerio TNFa genes, contained 4 exons and 3 introns. The highest content in exons of invertebrates resulted in proteins with a higher amino acid content in invertebrates compared to vertebrates ( Fig. 2A) .
A computational analysis was performed using the REGRNA tool to identify cis-regulatory elements in the 3 0 UTR of C. intestinalis, Human, D. rerio TNFa and D. melanogaster EigerA (Fig. 2C) . Searches identified in D. melanogaster EigerA and CiTNFa an Interferon-gactivated inhibitor of translation (GAIT) element and a Musashi binding element (MBE), two for C. intestinalis and three for D. melanogaster; in D. rerio TNFa a GAIT element and an ARE element were present with a shorter 3 0 UTR organization; in Human TNFa the 3 0 UTR region contained an AU rich element (ARE2), GAIT and TNF elements (Fig. 2C) .
Differential gene expression in different tissues
The spatial expression pattern of CiTNFa in adult Ciona intestinalis was investigated by quantitative real time PCR analysis of total RNA samples from different tissues (pharynx, ovary, stomach, intestine). Expression was detected in all examined tissues. As shown in Fig. 3 , the expression was greater in pharynx and intestine than in stomach and ovary.
mRNA polymorphism revealed by DGGE
Amplicons obtained respectively with GC-TNF1-F and TNF1-R primers, GC-TNF2-F and TNF2-R primers were subjected to DGGE electrophoresis (data not shown).
The reproducibility of the fingerprints was estimated by quantifying the intensities of the same bands obtained in independent PCR and DGGE analyses (Diez et al., 2001) .
Analyses of the DGGE patterns that shared identical nucleotide sequences were restricted to one profile. We thus obtained ten different profiles for TNF-1 (Fig. 4 A) and thirteen profiles for TNF-2 (Fig. 4 B) , a phenomenon also observed for myticin C (Costa et al., The potential of DGGE for identifying C. intestinalis intrapopulation polymorphism was addressed by sequencing DGGE bands of ascidian cDNA samples.
After DGGE migration, all molecular patterns observed were sequenced and variant sequences in 30 CiTNF-a cds were identified.
Differences in mRNA and amino acid sequences
We identified 60 mRNAs sequences for TNF-1 and TNF-2, having linked in a unique TNF coding sequence, reducing the number of different complete coding sequences from 60 to 30.
Nucleotide and amino acidic sequences of 30 ascidians were cloned, sequenced and aligned with CiTNF-a (NM_001128107.1), in which 295 aa of 312 were invariant and as little as 5.45% present variability at different levels (Fig. 5, Table 2 ).
Mutations with an effect on amino acid levels were more numerous within the COOH-terminus (six sites within 281e309 aa, 1.92%) Both the transmembrane domain and propeptide contained few mutations: 3 sites within 1e28 aa and 4 sites within 29e102 aa. Mutations at nucleotide level occurred with different frequencies, from low (one sequence out of the 30 analyzed for nucleotides-20, 36, 49, 226, 617, 916, 917 ; two sequences out of the 30 analyzed 6.67% for nucleotides-916, 917; three sequences out of the 30 analyzed had about 10% of variability for nucleotides-7, 324, 523, 914, 915, 916, 917, 918) Fig. 1 . Phylogenetic tree of vertebrate and invertebrate members of TNF family proteins. The evolutionary history was inferred using the Neighbor-Joining method. The optimal tree with the sum of branch length ¼ 10.476 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances are expressed as the number of base substitutions per site. Evolutionary analyses were conducted by using MEGA6 software.
analyzed, i.e. 90% for nucleotides-204, 289 within the propeptide region).
The transmembrane domain included three mutation points, the propeptide included five mutation points and the mature TNF portion without the C terminus sequence included four mutation points in the amino acid composition. The most frequent mutation (90%) in the coding sequences region (cds) with respect to Genbank cds was found in the propeptide, the two other most frequent mutations (43.33% and 26.67%) were found in the mature peptide. In all cases the modified amino acids maintained the same properties (Table 2) . By contrast, the COOH-terminus contained 12 mutation points, one found with a maximum frequency of 26.67% among all the sequences. It was within this COOH-terminus that nine mutation points (841, 852, 912, 914, 915, 916, 917, 918, 926) were located that induced different amino acids. The mutations 916, 917, 918, leading to Glu306, were found in only 10% of the sequences, and only in profile M, which was encountered in only three of the 30 tested TNF. In contrast, the mutation 926, leading to Lys309, was found in three out of 13 patterns (P, U, W), representing 20% of the analyzed sequences. The replacement of a non-polar side chain amino acid (Phe) by acidic and negative charged polar side chain amino acid (Glu) might induce different properties of the COOH-terminus (Fig. 4 and Table 2 ).
Selection pressure analysis
To determine whether neutral selection was operating within the codon sites of the CiTNF-a cds variants, several related parameters were defined using three different statistical tests (Table 3 (Table 3) .
3D modeling
A structural homology analysis was carried out using the SWISS-MODEL program. The homology modeling process was performed on the basis of the known crystal structure of human TL1A (2re9B) (e-value 1E-14; QMEAN Z-Score: À3.594, Fig. 6A ). Fig. 6 B shows the CiTNF molecular model resulting from superimposition of 106e284 residue sequences that share 21.11% identity. CiTNF holds antiparallel b-sheets organized in a typical "jellyroll" TNF structure. The overlapping between target/template structures is shown in Fig. 6 C. In Fig. 6 D, of particular interest are the positions reported of more frequent aminoacid variable sites including the C-terminal variables aa, all corresponding in a closed and external region.
Discussion
Evolution can change the structures and functions of genes in many ways (Wu and McLarty 2012) . From the single cell to mammals, the protection against infectious agents has evolved due to the continuously occurring host/parasite relationships (Ballarin and Cammarata, 2016) . Key features of the immune responses are the high intrinsic diversity of the molecules of self/non-self recognition, challenge-specific protection and complex regulatory 
integration.
Ciona intestinalis Tumor Necrosis Factor alpha gene (CiTNFa), which has been previously cloned and sequenced, is expressed either during the inflammatory pharynx response to lipopolysaccharide (LPS) or during the swimming larval phase of development (Parrinello et al., 2008) . Granulocytes with large granules and compartment/morula cells are CiTNFa-producing cells in both inflamed pharynx and larvae. Pharynx vessel endothelium also takes part in the inflammatory response. Haemocyte nodules in the vessel lumen or associated with the endothelium suggest the involvement of CiTNFa in recruiting lymphocyte-like cells and promoting the differentiation of inflammatory haemocytes. Specific antibodies against a CiTNFa peptide have identified a 43-kDa cell-bound form of the protein.
In vertebrates, TNF is constitutively expressed by a variety of cells and tissues, including monocytes and macrophages and some endocrine and epithelial cells (Roger et al., 2007) . It is rapidly released into circulation by pre-formed intracellular vesicles following a non-conventional leaderless pathway (Benigni et al., 2000) , particularly after exposure to toxins and microbial cell wall components and pro-inflammatory mediators in response to stress (Bacher et al., 1998) . Here, via real time PCR, we demonstrated that CiTNFa is expressed in various tissues, but preferentially in the pharynx, and less so in the intestine.
To explore the evolutionary dynamic of TNF family genes, TNF mRNAs from invertebrates and vertebrates were used to construct a phylogenetic tree to revise the evolutionary dynamic of TNF gene. The TNF phylogenetic tree showed three main clusters: results indicated that the TNF gene has effected very big changes in invertebrates, but was conservative in protochordates and vertebrates supporting a conserved evolution from a common TNF ancestral gene.
To discover more about evolutionary relationships of TNFs, we performed 3D modeling using TNF molecular models deposited in the databank.
The putative molecular modeling of TNF had a similar "jellyroll" structure to that of human TNF including a b sheet sandwich constructed of antiparallel b strands the core of the jellyroll consists of two sheets of four b strands (Eck and Sprang, 1989) . In addition to minor differences in amino acid replacements along the sequence, the major difference occurred on the short insertion in the CiTNF of 10 aa between Glu 132 and Val 133, forming a very short alpha helix. Together with the amino terminal strand, the carboxylterminal strand, in which a higher number of "hot" mutation points are present, constitute the first two strands of the inner sheet. CiTNFa genomic, domain organization and 3 0 UTR comparative analysis shower a relatively complex gene organization of CiTNFa with 7 exons and 6 introns regarding the vertebrate gene organization. An intriguing 3 0 UTR gene organization in CiTNFa showed common regions with other vertebrates as an Interferon-g-activated inhibitor of translation (GAIT) element, but also a Musashi binding element (MBE). The 29-nt structural element, denoted as an IFN-gamma-activated inhibitor of translation (GAIT), has been experimentally demonstrated to be sufficient for translational silencing both in vitro and in vivo (Sampath, 2003) . It also has been demonstrated that the MBE sequence was critical for temporal regulation (Charlesworth et al., 2002; Charlesworth et al., 2006) , including a possible function on developmental stages.
To investigate genetic variability of CiTNFa specific primers were designed to ensure amplification of full coding regions. Among the 30 ascidians from the Licata population, Sicily, original patterns were identified for TNF-1 and the same number for TNF-2. All patterns shared identical nucleotide sequences were restricted to one profile (10 profiles for TNF-1 and 13 profiles for TNF-2).
In synthesis, we detected multiple alignments that allowed us to identify point mutations showing a high degree of variability in the Ciona intestinalis TNF sequences. Both synonymous and nonsynonymous mutations were detected in TNF-a domains, suggesting an involvement in molecular functionality.
Proteins with highly variable sequences are not rare in vertebrates (immunoglobulins, MHC and TLR for instance) and have been also reported in ascidians with the fester gene (Nyholm et al., 2006) and a highly polymorphic gene coding for the variable complement receptor-like 1 (vCRL1), structurally similar to vertebrate complement receptors. However, in contrast to vertebrate complement receptors, vCRL1 shows an unprecedented high degree of amino acid variations among various individuals (Kurn et al., 2006) .
Proteins with variable sequences have been reported in other invertebrates: sea urchin with TLR (Hibino et al., 2006) , Drosophila with TLR (Tauszig et al., 2000) , Dscam (Watson et al., 2005) , PGRP (Royet et al., 2005) and AMPs (Imler and Bulet, 2005) , shrimp with penaeidins (Padhi et al., 2007) , gastropods with FREP (Zhang et al., 2004) , bivalves with myticin C and Mytilin B (Parisi et al., 2009; Gestal et al., 2007; Pallavicini et al., 2008) . All these polymorphic proteins belong to the immune system and our work extended the diversity phenomenon to another immune molecule. The existence of genomic rearrangement, or alternative splicing, has also been demonstrated, as for example in Drosophila Dscam (Schmucker et al., 2000) or ascidian fester (Nyholm et al., 2006) . Neutrality tests gave information about possible effects of selective pressure on TNF-a protein domains or on positive, negative or neutral selection that could work on amino acids.
A bioinformatic analysis performed on data released by Pallavicini et al. (2008) concluded that polymorphism within myticin C loci was driven by positive selection, indicating adaptive evolution of certain amino acids (Padhi and Verghese, 2008) . Similar analysis performed by the same authors, with an identical conclusion, concerned shrimp penaeidins (Padhi et al., 2007) . In both cases, the hypothesis suggested that interaction with surrounding pathogens in the changing environment caused molecular adaptation.
Recent study on polymorphism conducted by DGGE on Macrophage inhibition Factor (MIF) within and between M. galloprovincialis populations of distant geographic origins showed that numerous mutation points have been observed within the Mg-MIF ORF, defining 11 amino acid variants within the mussels from Palavas (France) and 14 amino acid variants within the mussels from Palermo-Italy .
Populations under environmental pressure may amplify genetic variability, on which negative or positive selection acts, directing molecular evolution to adaptation. Future similar studies on different populations could help us to understand whether immune-molecules like TNF exposed to environmental pressure will show if a different speed can affect continuously occurring host/parasite/environment relationships. 
